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Caveat Emptor

•Presented here is a snapshot

•Process is still evolving rapidly

•Subject to change ... 
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Neutrons
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What is Neutron Scattering Science?

Complexity

Details/Resolution

Neutrons are
– low energy
– non-damaging
– penetrating
– broad wavelength range

ESS high intensity allows 
studies of
– complex materials
– weak signals
– important details
– time dependent phenomena
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Why Neutrons?

1)  Ability to measure both energy and momentum transfer   
 Geometry of motion   

 

2)  Neutrons scatter by a nuclear interaction => different isotopes   
     scatter differently      H and D scatter very differently 
 

3)  Simplicity of the interaction allows easy  
     interpretation of intensities 

 Easy to compare with theory and models 
 

4)  Neutrons have a magnetic moment 
 
 H 

D O 
Si 

C 
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What is measured?

1.  A source of neutrons  
2.  A method to prescribe the wavevector (ki) of the neutrons incident on 

the sample 
3.  A well-chosen sample 

4.  A method to determine the wavevector (kf) of the scattered neutrons 
5.  A detector 

Sample 
Ei    ki 

momentum = hk         energy = (hk)2/(2m) 
!   k=2π/λ#

Ef   kf 

Q = ki - kf 

hω = Ei - Ef 

y

x
k

k’

r

Incident plane wave:  eikx

Scattered circular wave:  

Nucleus at r=0

2θ

k'

k

q
q = 2k sinθ = 

λ
4π sinθ

 |q|
2 |k|

1sinθ =

-b 
r eikr

Measure number of neutrons scattered as function of  Q and ω

Intensity of scattering as function of Q is related to the Fourier transform of 
the spatial arrangement of matter in the sample

(except imaging ... )

Need a good efficiency, position and energy/time resolution
Good signal/background
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The European Spallation Source

7Monday, November 19, 12



•   ESS will be the world’s best source of neutrons
for the study of materials

•   ESS will be 30 times brighter than ILL,
  the worlds’ best research reactor

•   ESS will be 10 times more intense than SNS,
  the world’s most powerful spallation source

•   ESS will produce first neutrons in 2019

   The ESS Headlines
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ESS project: key facts

• 5MW long-pulse neutron source.
• First neutrons in 2019 on 7 instruments.
• 22 instruments by 2025
• ESS will be user facility.

• Total cost 1478 M€; funding negotiation
• MoU agreed with 17 european countries
• currently in pre-construction phase
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10

High-intensity spallation sources

OECD 1999: 
”One powerful 
spallation source 
in every global region”

SNS, Tennessee 2008

ESS, Lund 2019

J-Parc, Tokai-Mura 2008
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The Design Update phase 2010 – 2012
(Technical Design Report to be submitted Feb 2013)

Prepare to build           2013 - 2015

The Construction phase           2015 - 2018

The Completion phase   2019 - 2025 

The Operations phase         2026 - 2066

The Decommissioning phase 2067 - 2071

ESS Project Phases
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z

23 October 2012 

The ESS Site
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ESS Timeline

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Design 
Update

Construction

TDR

P2B Instrument Development

P2B S&T 
Infrastructure

Operationspecifications for conventional 
facilities

3

3
2

1
2

3

3

5

7

1
1

2
3

3 5
Depth of this is a 
capacity of 12-14 

instruments at once(!)

14

2019: First 7 instruments on-line
2025: Full suite of 22 instruments on-line
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2.2. AN INSTRUMENT SUITE FOR THE ESS 27

2.2 An Instrument Suite for the ESS

Editor: K Andersen

A total of 22 public instruments will be built at the ESS to serve the neutron user community, with
the aim of having the initial 7 instruments coming online with the first neutrons in 2019, and the full suite
installed in 2025. A 22-instrument reference suite has been composed which addresses the science drivers
outlined in the previous section, while showcasing the expected capabilities of the ESS, and also serving
as a basis for the costing and planning of the facility. The reference suite is summarized in Table 2.1, with
the corresponding layout shown in Figure 2.13. It has been chosen to focus on the natural strengths of the
long-pulse concept in order to maximize the scientific output, while addressing a broad science base and
employing state-of-the-art instrument techniques.

Figure 2.13: Neutron beamline and instrument layout, for the reference instrument list in Table 2.1. The
red areas refer to possible locations of instruments sharing a common beamport.

Around 40 instrument concepts are currently in various stages of conceptual design by ESS scientists
and scientific partners. The reference suite described in this chapter represents a subset of these concepts.
The choice of which instruments will actually be built at the ESS takes place as an ongoing process in
which 2-3 instrument concepts are selected every year, starting in 2013, to move from conceptual design
into construction. The aim of taking such a staged approach to choosing the instruments is to remain
engaged with the European user community and to choose instrument designs which are state-of-the-
art when they enter user operation. The reference suite described here therefore does not and cannot
represent the precise instruments suite which will actually be built, as the process of choosing instruments
for construction has only just begun at the moment of writing this report. Instead, we aim to provide
a vision of the instrumentation capabilities which could be provided at the ESS in order to address the
scientific challenges, outlining their conceptual design and expected performance.
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Beamlines and Instruments
•Tentative site layout
•Baseline suite
•22 instruments Tentative 

site layout
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distance

time0

chopper  1

Neutron 
Time-of-flight

•Almost all instruments use Time-of-flight of neutrons to determine wavelength of neutrons
•Timing and time shaping is typically a key part of the definition of the neutron beam
•Reminder: ESS is a long pulse source
•Means that detectors need good time resolution (us+)
•Wavelengths ca. 0.3 - 20 Angstroms, energy ca. meV
•Access energy of neutrons from statistical methods: see later
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ESS Technical Design Report
ESS Technical Design Report

Editors: S. Peggs, R. Kreier, ...

Contributors: K. Andersen, et cetera .....

Figure credits: Advanced Cyclone Systems, et cetera .....

*** THIS INTERMEDIATE DRAFT IS ***
*** UNDER ACTIVE DEVELOPMENT ***

October 31, 2012

DRA
FT

 3

ESS Conceptual Design Report

Editor: S. Peggs.

Contributors: K. Andersen, D. Argyriou, K. Batkov, C. Böhme, S. Bousson, I. Bustinduy, C. Carlile, P. Carls-
son, L. Celona, M. Comunian, H. Danared, C. Darve, P. Deen, M. Dell’Anno Boulton, R. De Prisco, G. Devanz,
R. Duperrier, D. Ene, M. Eshraqi, S. Gammino, M. Göhran, S. Gysin, H. Hahn, R. Hall-Wilton, H. Hassan,
K. Hedin, W. Hees, P. Henry, A. Hiess, A. Jackson, P. Jacobsson, A. Jansson, A.J. Johansson, C. Kharoua,
O. Kirstein, E. Laface, G. Lanfranco, R. Linander, M. Lindroos, S. Molloy, J. Malovrh, D. McGinnis, F. Mezei,
P. Nilsson, E. Noah, E. Oksanen, C. Oyon, S. Pape-Møller, T. Parker, J. Persson, S. Petersson Årsköld,
F. Plewinski, B. Pottin, A. Ponton, P. Radahl, K. Rathsman, M. Rescic, T. Rod, R. Ruber, P. Sabbagh,
R. Seviour, S. Skelboe, A. Steuwer, J. Stovall, M. Strobl, A. Takibayev, L. Tchelidze, A. Tibbelin, G. Trahern,
H. Wacklin, L. Zanini, R. Zeng.

Figure credits: Advanced Cyclone Systems, Australian Nuclear Science and Technology Organisation, G. Cas-
tro, A. Class, T. Davenne, Ch. Densham, M. Christensen, Deutsches Elektronen Synchrotron, Dresser Roots,
European Organisation for Nuclear Research (CERN), J. Fetzer, Forschungszentrum Jülich GmbH, J. Gardner,
S. Gordeev, G. Hees, A. Houben, Institute of Complex Systems, Institut Laue-Langevin, M. James (ANSTO),
Japan Atomic Energy Research Institute, Karlsruher Institut für Technologie, W. McHargue (SNS), National
Institute of Standards and Technology, National Physical Laboratory, T. Oku (RIKEN), M. Puls, Rutherford
Appleton Laboratory, SKF Magnetic Bearings, Spallation Neutron Source, R. Stieglitz, Technical University
München, TESLA, XFEL.

Feb ’12

•ESS TDR due in Feb’13
•Significant increase in maturity and detail
•Input to governmental agreement
•Will serve as a baseline for construction
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ESS Instrument Proposal 
Round 2013
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Detector system 

The detector system consists of three 60 x 60 cm detector units that can be translated along 
the sample-detector axis. That axis can then be rotated about the 2# angle, such that the 
detectors cover a continuous range in solid angle in the normal situation. In some cases the 
detector distances could be changed individually for example to collect low-resolution data at 
low scattering angle.  

In order to reliably integrate reflection intensities by profile fitting, the diffraction spots have 
to be observed in multiple detector pixels. With crystal sizes ~0.3 mm, the spot sizes (Figure 
2, Table 1, Table 2) are still <1 mm, which calls for a ~0.2 mm spatial resolution to spread 
the spots over several pixels. This value is consistent with the 0.25 mm readout pixel size 
typically used at e.g. LADI-III. The active detector area of 1.08 m2 with 0.2 mm pixel size 
gives rise to a total of 27 million pixels. The flexibility in detector geometry allows a solid 
angle coverage comparable to LADI-III at a short detector distance (Figure 4, left) and the 
possibility to resolve very large unit cells by increasing the detector distance. The time 
resolution required from the detector units is only in the order of 1 ms, which is not a 
limiting factor for the technologies proposed (see below).  

 

Figure 4 The detector geometry illustrated as a function of crystal-detector 
distance and the total scattering angle covered in the horizontal plane. 

Instrument simulations 

We have studied the performance of the instrument concept with Monte Carlo ray-tracing in 
the McStas package using the calculated  structure factor amplitudes for perdeuterated 
rubredoxin (P212121, a=33.920 Å, b=34.928 Å, c=43.532 Å). The results agree qualitatively 
with the analytical calculations, but in order to simulate enough neutrons scattered by the 
crystal in reasonable execution times, we are simulating large crystals (25 mm3) and in 
addition artificially increasing the Monte Carlo weights for the neutron rays scattered by the 
crystal. Therefore the simulation results are not quantitative in terms of the absolute 
reflection intensities. 

!"#$%

&'"(

)""#$%
)""(

&"#$%

!!"(

*"#$%
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•Proposal round closed yesterday
•4 proposals received
•An imaging beamline proposed in 
addition to the below
•Up to 3 instruments will be chosen by mid 
2013
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Detectors for the European Spallation Source
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The ESS Detector Group       (Nov 2012)
x
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MAX-lab+
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SE

ESS-Lund
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Anton Khaplanov

Isabel Llamas
Xiao Xiao Cai

Thomas Haraldsen

Richard Hall-Wilton (group leader)
Kalliopi Kanaki (Jun 12)

Thomas Kittelmann (Aug 12)
Detector Electronics Engineer (2nd round of interviews next week)

Technician (2013)

Carina Höglund
Mewlude Imam (Sep 12)

Björn Nilsson
Julius Scherzinger

(31 Dec 2010, detector group comprised of ... Carina!)
RED colour: 100% of salary comes from ESS

BLACK colour: 50% from ESS, 50% local
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JUILLET 2011 ILL - Bulletin d’infos

And it works! Signs of success for a 
new boron-layer detector
A prototype boron-layer detector has been undergoing initial testing with an AmBe source in the 
SDN lab. It has a detection surface of 8cm x 200cm and  the neutrons are captured by 30 layers 
of 10B4C, each a micron thick. 
The energizing signal produced by the capture is amplified by proportional counters, and these also supply 
one of the position coordinates. The other coordinate is provided by reading the signal in the segmented 
cathode. We have baptised the detector a "multi-grid detector"  and it was patented in 2010. 
The prototype has yielded encouraging results in terms of measurement efficiency and this has raised 
hopes for the next phase, the production of a module similar in size to those on IN5, vacuum-compatible. 
The technique has been developed in collaboration with the ESS and is destined to replace current 3He-
based technology. 

     Bruno Guérard

Ca marche ! Premier succès du prototype de 
détecteur à couches de bore
Le prototype de détecteur à couches de Bore a été testé avec succès au laboratoire du SDN, 
durant les premiers tests avec une source américium-beryllium(AmBe). 

La surface de détection est de 8 cm x 200 cm; la capture des neutrons est assurée par 30 couches de 
10B4C, d'épaisseur 1 micron chacune; le signal de charge produit par cette capture est amplifié par des 
compteurs proportionnels, qui fournissent en même temps l'une des coordonnées de position; l'autre coor-
donnée est donnée par la lecture de la cathode segmentée. Le principe de ce détecteur appelé Multi-grille 
a été breveté en 2010. 
Les bons résultats obtenus avec ce prototype en mesure d'efficacité permettent d'envisager avec une 
certaine confiance la phase suivante, qui consiste à produire un module de même taille que ceux d'IN5, 
compatible avec le vide. Cette technique développée en collaboration avec ESS a pour but de remplacer la 
technique actuelle à base d'3He. 

From left to right: Jean-
Claude Buffet, Francesco 
Piscitelli, Jonathan Cor-

rea of the ILL, and Anton 
Khaplanov from ESS.

De gauche à droite: Jean-
Claude Buffet, Francesco 

Piscitelli, Jonathan Correa 
from the ILL, and Anton 

Khaplanov from ESS

Large Prototype ‘2’ for Boron-10 Thin 
Films Detectors

W::'V128$,R'X")./,'

6MM'5099"2&

Results shown at ECNS (poster and talk) ... and ... 

17tisdag den 17 juli 2012
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Xiao Xiao CAI

BEng PhD MIEEE

7 St. Marks Road, Preston

UK, PR1 8TL

H +44 7413269259

B xxcai1@uclan.ac.uk

Personal details
Nationality Chinese Status Single

Date of Birth 15/06/1984 Residence England

PhD thesis
Title Characterizing the influence of neutron fields in causing single-event e�ects using

portable detectors
Supervisors Dr Simon S. Platt, Professor Djamel Ait-Boudaoud, Mr Bryan Cassels

Publications [1–6]
Description Neutron is the main cause of single-event e✓ects (SEE) in the atmosphere. Such e✓ects may

lead to electronic system failure. The most accurate way, but also the most expensive way,
to measure the failure rate of a system in the atmosphere is to undertake life testings in a
natural environment. As such experiments are very time consuming, experiments are usually
undertaken in spallation white neutron beam lines to accelerate event rate. There are two
main objectives in this research. The first one is to develop neutron detectors to monitor
high energy neutron fluence pass through sample devices. The second one is to compare the
e✓ectiveness of the cosmic neutron field and seven high energy neutron beam lines in causing
SEE. At the beginning of my PhD, our research group has measured the response of a CCD
imager to the natural cosmic ray field in a high altitude laboratory, and attempted to compare
it with the response that measured in accelerated neutron beams [1]. However, about half of
the measured events in the natural environment were caused by some unexpected and unclear
mechanisms. After modelling and analysis, I successfully identified those mechanisms [4].
Knowledge acquired in [4] contributed to benchmark a new spallation neutron beam line in
the TSL (The Svedberg Laboratory), Sweden [3]. Later, a more accurate model of neutron and
CCD interactions has been published [5]. In collaboration with the Lancaster University, an
alternative gaseous detector with better performance for natural cosmic ray field measurements
has been proposed [6].

Education
2006–2010 PhD, University of Central Lancashire.
2003–2006 BEng, University of Central Lancashire, Digital communication, upper second class.

Joint course. First two years in Bejing Institute of Technology, China. Final year in University
of Central Lancashire.
I won the “Younger Members’ Short Presentations Evening, 2006” organized by the IEE
Lancashire and Cumbria Branch. Please see the last page of this file for details.

19Monday, November 19, 12



neutrons

15 rows 
= 15 cm

4 columns  
= 8 cm96 grids

= 192 cm

The task for the ESS detector group

...lots of work...

lots of data

2019
September 2011

“ESS@night”

MAX-IV

>2019
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Detectors for Thermal Neutrons

A.Oed

Introduction
The particle- or radiation-detection is based on the measurement of electric currents. 
Thermal neutrons with their low velocity and without an electric charge can only
be measured subsequent to a nuclear reaction with target atoms which emit either
ionizing radiations or ionizing particles. The target isotopes commonly used for
thermal neutron detection are indicated in Tab (1). Except for Gd, all the other
reactions are fission processes where two fission particles are ejected in opposite
directions randomly oriented in space.
The Maxwell distributions of thermal neutrons are shown in Fig (1).

3.3-1

Table 1: Commonly used isotopes for thermal neutron detection, reaction
products and their kinetic energies.

Figure 1: Velocity-, energy- and wave-length-distribution for neutrons at 300 o K.
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Basic Principles of Neutron Detectors

photons
or chargen

collect 
charge or 
photons amplify,

digitise, 
algorithm

gain

write to disk

For gases at 1 bar, the atomic density Ad  is  2.7 10
19 [1/cm3] and for solids and liquids

its value is about 1000 times higher. In general, the atomic density is given by 

Ad = ρ * Na / Mv [1/cm
3] where

ρ is the volumetric weight [ g/cm3],  Na= 6.25 10
23 the Avogadro number

[atom/ mol ] and Mv the molar weight of the absorber-material [g /mol].
Sometimes the absorption is also expressed in terms of the mass-absorption-

coefficient γ = µ * ρ [ g / cm2]. With the surface mass density Md =x*ρ [g/cm2] of
an absorber of  x [cm] in thickness, the law reads:

J= Jo e 
–(Md / γ )

The absorption length, cross section and mass absorption-coefficient for thermal
neutrons for some materials used in neutron experiments are indicated in Tab (2)

The cross-section σ for thermal neutrons is inversely proportional to their velocity v. 

where E is kinetic energyσ σ ∼ /    ∼ 1 /  1 v or E

3.3-3

Figure 2: Neutron cross-section as function of the kinetic energy for the
isotopes commonly used in thermal neutron detection.

•Not possible to directly detect slow neutrons
•Use nuclear reactions to convert neutrons to charged particles
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He-3 Crisis

Little or None Available

... Old News Now ... ....an appropriate 
initial reaction ... 

Sin
ce

 ca
. 2

00
9

Aside ... maybe He-3 detectors are 
anyway not what is needed for ESS? 

eg rate, resolution reaching the 
limit ... 

Figure 1: Global supply and demand situation for 3He gas in bar-litres as reported in late 2011. The demand
for the gas here exludes any ESS requirements or those of other future spallation sources.

in Europe of 3He, when available, is a factor 40-70 above its historical price. These factors puts 3He out of
scope for any future request, for large and medium area neutron detectors.

This dilemma was recognised by the neutron research community in 2009, and led to the formation of the
International Collaboration for the development of Neutron Detectors to investigate and develop alternatives
for large area detectors. In particular, three Joint Research Activity (JRA) working groups were formed: on
Scintillator detectors, 10B thin film gaseous detectors and BF3 gaseous detectors. In the discussion below,
extant technologies such as image plates and scintillator/ccd imagers are not mentioned; whilst they are well
proven technologies, and readily available, but they have poor time resolution. As such they are not appropriate
for core detectors for ESS instruments and are not considered further here.

Detector Requirements for the Instruments. The estimated detector requirements from the 22 reference
neutron scattering instruments outlined in this document are summarised in Table 1.

Technologies chosen for Matching Instrument Requirements.

10Boron thin film gaseous detectors. One possible replacement for 3He for neutron detection is the boron
isotope 10B. 10B has a relatively high neutron absorption cross section, resulting in an absorption e�ciency
of 70% compared to 3He, at a neutron wavelength of 1.8 Å. Naturally occurring boron contains 20% of 10B,
but due to the almost 10% mass di↵erence to the other boron isotope, 11B, the isotope separation is relatively
easy. Such a detector will typically contain Aluminium sheets that are coated with 10B4C (Boron Carbide)
layers where 10B absorbs the incident neutrons. The nuclear reaction results in Lithium and Helium ions. Both
the 7Li and 4He ions can be detected, with both temporal and spatial resolutions, in a detecting gas. Due
to a reduced escape probability for the reaction particles with increasing depth of the events (typically a few
microns), a detector, on which the neutrons impinge at normal incidence, will be based on a number of thin
(1 µm) consecutive conversion layers, coated with thin 10B-containing films, to be traversed by the neutrons
(typically ca. 30). To overcome the reduction in escape probability with depth, it is also possible to incline
the layers at high angles to increase the e↵ective interaction length, whilst not adversely a↵ecting the escape
e�ciency. This has an additional benefit in potentially improving the position resolution. It does however
complicate the design of such a detector; such a configuration is termed an “inclined geometry” detector.

The potential of Boron thin film gaseous detectors is evidenced by the number of presently ongoing e↵orts:
There are presently more than 10 ongoing R+D e↵orts, equally directed towards designs with “normal” ge-
ometry, and “inclined” geometry configurations. The discussion below will concentrate on three illustrative

5

Crisis or opportunity ... ? 
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... lots of work 
ongoing now ...
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(... but no BF3 detectors for ESS ...)

Also a range of ongoing initiatives:
•Dedicated developments within 
ESS in-kind
•EU FP7 programs 
•eg CRISP, NMI3

•Local partnerships
•eg Lund U, LTH, Linkoping U, 
Mid-Sweden U, MAX IV lab

•Grants through Swedish funding 
agency VR“ESS In-kind”

 - 4 DE groups:
•HZB
•FZJ
•HZG
•TUM/FRMII
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Detector Requirements for Baseline TDR Suite

Es
tim

ate
s

86

users. These factors puts 3He out of scope for any future request, for large and medium area neutron
detectors.

This dilemma was recognised by the neutron research community in 2009, and led to the formation of
the International Collaboration for the Development of Neutron Detectors, ICND [?], to investigate and
develop alternatives for large area detectors. In particular, three Joint Research Activity (JRA) working
groups were formed: on Scintillator detectors, 10B thin film gaseous detectors and BF3 gaseous detectors.

In the discussion below, extant technologies such as image plates and scintillator/ccd imagers are not
mentioned; whilst they are well proven technologies, and readily available, they have poor time resolution.
As such they are not appropriate primary detectors for ESS flagship instruments and are not considered
further here.

Detector Requirements for the Instruments. The estimated detector requirements from the 22
reference neutron scattering instruments outlined in this document are summarised in Table 2.5.

Instrument Detector Wavelength Time Resolution
Area Range Resolution
[m2] [Å] [µs] [mm]

Multi-Purpose Imaging 0.5 1-20 1 0.001 - 0.5
General Purpose Polarised SANS 5 4-20 100 10
Broad-Band Small Sample SANS 14 2-20 100 1
Surface Scattering 5 4-20 100 10
Horizontal Reflectometer 0.5 5-30 100 1
Vertical Reflectometer 0.5 5-30 100 1
Thermal Powder Di�ractometer 20 0.6-6 <10 2x2
Bi-Spectral Powder Di�ractometer 20 0.8-10 <10 2.5x2.5
Pulsed Monochromatic Powder Di�ractometer 4 0.6-5 <100 2 x 5
Material Science & Engineering Di�ractometer 10 0.5-5 10 2
Extreme Conditions Instrument 10 1-10 <10 3x5
Single Crystal Magnetism Di�ractometer 6 0.8-10 100 2.5x2.5
Macromolecular Di�ractometer 1 1.5-3.3 1000 0.2
Cold Chopper Spectrometer 80 1 -20 10 10
Bi-Spectral Chopper Spectrometer 50 0.8-20 10 10
Thermal Chopper Spectrometer 50 0.6-4 10 10
Cold Crystal-Analyser Spectrometer 1 2-8 <10 5-10
Vibrational Spectroscopy 1 0.4-5 <10 10
Backscattering Spectrometer 0.3 2-8 <10 10
High-Resolution Spin Echo 0.3 4-25 100 10
Wide-Angle Spin Echo 3 2-15 100 10
Fundamental & Particle Physics 0.5 5-30 1 0.1

Total 282.6

Table 2.5: Estimated detector requirements for the 22 reference instruments in terms of detector area,
typical wavelength range of measurements and desired spatial and time resolution.

Technologies chosen for Matching Instrument Requirements.

10Boron thin film gaseous detectors. One possible replacement for 3He for neutron detection is the
boron isotope 10B. 10B has a relatively high neutron absorption cross section, resulting in an absorption
e⌅ciency of 70% compared to 3He, at a neutron wavelength of 1.8 Å. Naturally occurring Boron contains
20% of 10B, and due to the almost 10% mass di�erence to the other boron isotope, 11B, the isotope
separation is relatively easy. A detector based on 10B absorption of the incident neutrons will typically
contain Aluminium sheets that are coated with 10B4C (Boron Carbide) layers. The nuclear reaction
results in Lithium and Helium ions. Both the 7Li and 4He ions can be detected, with both temporal and

•Specifications 
very varied
•Typically superior 
to what is presently  
state-of-the-art at 
existing sources

•In many cases, 
instrument 
performance 
dominated by S:B 
rather than raw 
specifications here
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http://www.ill.eu/news-events/events/2nd-
international-10b-bf3-detectors-workshop/
home/

For larger detectors, pathway 
is becoming clearer ... 
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Detector Options for Baseline TDR Suite

Pre
lim

ina
ry

2.4. INSTRUMENT SUPPORT AND NEUTRON TECHNOLOGIES 97

Instrument Detector Technology

10B Thin Films Scintillators 3 He Micropattern
� ⇥ WLS Anger Rate Resolution

Multi-Purpose Imaging - - - - - o +

General Purpose Polarised SANS o + - + o + -
Broad-Band Small-Sample SANS o + - + - + -
Surface Scattering o + - + o + -
Horizontal Reflectometer - o - + + o -
Vertical Reflectometer - o - + + o -

Thermal Powder Di�ractometer o + + - - o -
Bi-Spectral Powder Di�ractometer o + + - - o -
P-M Powder Di�ractometer o + + - - o -
MS Engineering Di�ractometer o + + - - o -
Extreme Conditions Di�ractometer o + + - - o -
Single Crystal Di�ractometer o + + - - o -
Macromolecular Di�ractometer - o o o - + +

Cold Chopper Spectrometer + o o - - - -
Bi-Spectral Chopper Spectrometer + + o - - - -
Thermal Chopper Spectrometer + + + - - - -

Cold Crystal Analyser Spectrometer - o - + + - -
Vibrational Spectrometer - o - o + - -
Backscattering Spectrometer - o - + + - -

High-Resolution Spin Echo - o - o + + -
Wide-Angle Spin Echo - o - o + + -

Fundamental & Particle Physics - - - - + + +

Table 2.6: Appropriate detector technology options for the 22 reference instruments. The detector tech-
nologies are grouped into perpendicular- and inclined- neutron incidence geometries for 10B Thin Film
detectors, Wave-length shifting fibers (WLS) and Anger Cameras for Scintillator detectors, 3He detectors
and high count rate and high resolution detectors for microstructure and imaging detectors. In the matrix
of options, ‘+’ indicates that this technology is presently seen as a high possibility, ‘-’ indicates that it is a
disfavoured technology for this instrument, and ‘o’ means that it is considered an option, though not the
primary one.

•Most instruments 
have “He-3-free”  
options
•Requirement for 
He-3 significantly 
reduced

•An array of 
technologies will 
be used

•dependent upon 
a wide range of 
sources for 
detectors

+ = favoured option
o = option
- = disfavoured option
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Boron-10 Thin Film Detectors

(I am now going to take a very biased diversion 
on the detector technology ESS is concentrating 

on developments internally)
No time to deal with other developments, including several 
in-kind from German groups (HZB, FZJ, HZG, TUM-FRMII)
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The Boron-10 Detector Principle

• 
10B has a neutron absorption of 

 70% compared to 3He at λ = 1.8 Å
• 
natB contains 

 80 at.% 11B and 

 20 at.% 10B
• 
10B + n → 7Li + α + 2.3 MeV
•charged products emitted back to 
back
•only 1 enters gas volume
•anode wire / electric field to 
amplify
•collect signal from ionisation 
process (anode and/or cathode)

10B

Thin precise coatings of Boron Carbide with 
good adhesion are the key ingredient

Development of 10B lined detectors 

•  10B neutron σabs = 3847 b at λ = 1.8 Å (~ 70% compared to 3He) 
•   natB contains 80 at.% 11B and 20 at.% 10B 
•   10B + n � 7Li + α 
•  charged products emitted back-to-back 
•  only 1 of them enters the gas volume 
•  gas ionization follows 
•  electric field to amplify  
•  anode wires to collect the signal from  
    the ionization process 

11 SFS#mee&ng,#Gothenburg#2012#
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10-Boron Carbide Thin Films for Neutron Detection

DC magnetron sputtering: natB4C, 10B4C

• 2-side coated substrates
• Good adhesion on Al, Si, etc.
• High density, Minimal impurities
• Thickness control and uniformity
• Large area depositions
• Patent application

•Many attempts by other groups failed
•Boron Carbide has high internal stress
•Key ingredient here: experience! 
•Expertise of Linkoping thin film group
•3 publications from this collaboration 

PVD�coating�paper�published

C.�Höglund,�et.�al.,�J.�Appl.�Phys.�111,�104908�(2012)

Composition

Adhesion�and�density�vs.�temp.

10B
4
C

Si
1�Pm

~3�Pm�10B
4
C

Higher�temperature�and/or�deposition�
rate

Ð
Better�adhesion�
Higher�density�

Less�impurities�(<1�at.%�of�H�+�N�+�O)
More�10B�(almost�80�at.%�10B)

10B4C

Si

~3 µm 10B4C

1 µm

Spinout about to be setup

Interested in samples? 
Please contact us!

ESS - Linkoping U collaboration
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Thermally�activated�CVD

H.�Pedersen,�C.�Höglund,�et.�al.,�Chem.�Vap.�Deposition�18,�221�
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High�quality�B4C�films�can�be�deposited�by�simple,�
thermally�activated�CVD�at�600�°C�using�the�

organoborane�TEB�as�single�precursor

Hydrogen�and�Boron�contents�are�highly�
temperature�dependent

600�°C�yields�less�than�5�at.%�H�and�close�to�bulk�
density!

Boron Hydrogen
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Plasma�assisted�CVD

• Henrik�Pedersen�(LiU)

• Mewlude�Imam�(new�student,�ESSͲLiU)

• ESS

Develop�a�working�low�temperature�
CVD�process�for�10B4C�

Detector Technologies and Systems Platform |  2012-11-19  |  Detectors 
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Linkoping - ESS - ILL Collaboration on 
B-10 Thin Films Detectors

Jens Birch
Lars Hultman
Jens Jensen

Carina Höglund*
Anton Khaplanov**
Richard Hall-Wilton
Kalliopi Kanaki
Thomas Kittelmann
Oliver Kirstein

*stationed at Linköping University
**stationed at ILL

Jonathan Correa
Francesco Piscitelli
Bruno Guerard
Patrick van Esch
Thierry Bigault
Jean-Claude Buffet
Jean-Francois Clergeau 
Jerome Pentenero
Gilbert Viande

Wilhelmus Vollenberg

Who is involved

Jens Birch
Lars Hultman
Jens Jensen

Carina Höglund*
Anton Khaplanov**
Richard Hall-Wilton
Kalliopi Kanaki
Thomas Kittelmann
Oliver Kirstein

*stationed at Linköping University
**stationed at ILL

Jonathan Correa
Francesco Piscitelli
Bruno Guerard
Patrick van Esch
Thierry Bigault
Jean-Claude Buffet
Jean-Francois Clergeau 
Jerome Pentenero
Gilbert Viande

Wilhelmus Vollenberg

ArCO2�– 800V
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JUILLET 2011 ILL - Bulletin d’infos

And it works! Signs of success for a 
new boron-layer detector
A prototype boron-layer detector has been undergoing initial testing with an AmBe source in the 
SDN lab. It has a detection surface of 8cm x 200cm and  the neutrons are captured by 30 layers 
of 10B4C, each a micron thick. 
The energizing signal produced by the capture is amplified by proportional counters, and these also supply 
one of the position coordinates. The other coordinate is provided by reading the signal in the segmented 
cathode. We have baptised the detector a "multi-grid detector"  and it was patented in 2010. 
The prototype has yielded encouraging results in terms of measurement efficiency and this has raised 
hopes for the next phase, the production of a module similar in size to those on IN5, vacuum-compatible. 
The technique has been developed in collaboration with the ESS and is destined to replace current 3He-
based technology. 

     Bruno Guérard

Ca marche ! Premier succès du prototype de 
détecteur à couches de bore
Le prototype de détecteur à couches de Bore a été testé avec succès au laboratoire du SDN, 
durant les premiers tests avec une source américium-beryllium(AmBe). 

La surface de détection est de 8 cm x 200 cm; la capture des neutrons est assurée par 30 couches de 
10B4C, d'épaisseur 1 micron chacune; le signal de charge produit par cette capture est amplifié par des 
compteurs proportionnels, qui fournissent en même temps l'une des coordonnées de position; l'autre coor-
donnée est donnée par la lecture de la cathode segmentée. Le principe de ce détecteur appelé Multi-grille 
a été breveté en 2010. 
Les bons résultats obtenus avec ce prototype en mesure d'efficacité permettent d'envisager avec une 
certaine confiance la phase suivante, qui consiste à produire un module de même taille que ceux d'IN5, 
compatible avec le vide. Cette technique développée en collaboration avec ESS a pour but de remplacer la 
technique actuelle à base d'3He. 

From left to right: Jean-
Claude Buffet, Francesco 
Piscitelli, Jonathan Cor-

rea of the ILL, and Anton 
Khaplanov from ESS.

De gauche à droite: Jean-
Claude Buffet, Francesco 

Piscitelli, Jonathan Correa 
from the ILL, and Anton 

Khaplanov from ESS

Large Prototype ‘2’ for Boron-10 Thin 
Films Detectors - Summer 2011

ESS Activity 
Report 

ILL Bulletin
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B.Guerard, 10B Multigrid development in CRISP, ICND meeting, Anaheim 2012

MC simulation (2.5 Å neutron wavelength)

Efficiency vs thickness 
(interaction with Aluminium substrates is 
NOT taken into account)

Efficiency vs number of layer (1 Pm thick)

Complicated optimisation needed - many layer detector
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What might a Cold Chopper 
Spectrometer look like for ESS?
Let’s try and make a guess: 

•Reference instrument suite has 80m^2 active area
•Position resolution: 1cm
•Say: 4m height x 20m circumference 
•Lets assume here that this is a day 1 instrument

Pixels and Readout Channels:

•x: 2000 pixels
•y: 400 pixels
•z: 15 pixels
•Total: 12 Mpixel

•In terms of readout channels, this implies:
•Grids/Cathodes: 200 stacks, 200 grids = 40k
•Anodes: 200 stacks, 150 anode wires = 30k
•Total: 70 k readout channels

neutrons

15 rows 
= 15 cm

4 columns  = 8 
cm96 grids

= 192 cm

xy

z

Needs to be as cheap as possible •Multi Grid Detector concept

IN5 - 30m^2
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•2012:
•“Proto 1.1”
•Build demonstrator for test at ILL on IN6 (if approved): demonstrate “real” performance side-by-side with He-3
•With feedback from above, design possible full scale demonstrator for IN5 (2.4x0.8m = 2.4 m^2)

•2013:
•Build and test the full scale demonstrator of IN5-like module dimensions as part of the CRISP FP7 programme
•Design a prototype module for ESS large area detectors (chopper spectrometers ...), including appropriate first 
prototype electronics and DAQ systems - several m^2? 

•2014:
•Build and test full scale ESS prototype large area module (2-4 m^2)

Construction: 

•2015:
•Ready to start construction for a large chopper spectrometer ... ?

•2015-2018:
•Production of 10B4C thin films (4 years expected)
•Detector assembly
•Electronics and data acquisition really needs to be finalised latest in 2016

•2019:
•Installation and neutrons ...?

Outlook for a Cold Chopper Spectrometer for ESS...?

•2010: Conceptual prototype - “P1”
•2011: 2 x 0,1m = 0.2 m^2 prototype
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CT2 (ILL)  monochromatic @ 2.5 Å

10B4C-based multi-grid detector feasible

n

linear scale

log scale
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wire 1
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Efficiency per cell 

• Each cell performs as predicted
• ~50% detection efficiency for 
   2.5 Å neutrons

B, Geraud et al., subm. NIM A (2011).
A. Khaplanov, K. Andersen, R. Hall-Wilton et al., Proc. of 
ICANS XX, Bariloche, Rio Negro, Argentina, 2012.
J. Correa et al., subm. TNS (2012)
J. Correa, PhD Thesis (2012)

38Monday, November 19, 12



Efficiency – measured vs simulated
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10

ConclusionProto 1.1 Characterization  

P1.1 - 2x20cm (2012)

•Efficiency and pulse-height spectra 
understood as function of layer thickness

B4C thickness – measured vs. GEANT4
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Gamma efficiency, P11, He3

P11,��CF4

Hexagonal�He3

P11,��ArCO2

•gamma rejection as good as 
He-3 possible
•part of optimisation process 
efficiency vs gamma 
efficiency
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B.Guerard, 10B Multigrid development in CRISP, ICND meeting, Anaheim 2012

Test of a Multigrid prototype on the IN6 TOF spectrometer
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IN6 Demonstrator

40x60cm

42Monday, November 19, 12



Detector Technologies and Systems Platform |  2012-11-19  |  Detectors 

IN6 Prototype - Am/Be Source Image
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Log scale

IN6 Prototype - 
Beam Image

Installed this week on IN6 
instrument

in-situ demonstration of 
performance
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What might a Cold 
Chopper 

Spectrometer look 
like for ESS?

Preliminary study for prototype 
of IN5-like module at ILL
to be built 2013/14

Coincidence:
•200 stacks, 10cm wide
•Each stacks needs to look 
for (x,z)-y coincidences
•x-z: 150 anode wires
•y: 200 grid-cathodes

•Significant number of 
readout cards or crates 
needed

•Significant number of data sources for 
detector data

P2
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Neutron energy determination using 
statistical methods

number of layers
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Mathematical approach on 
discriminating wavelength 
admixtures from the shape of the 
measured neutron spectrum, 6-8 
months prototype preparation for 
testingAwarded - 0.6 researcher + 1 PhD
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Another Analogy:
the Research and Development as now ... 

•About 530M years ago was the 
“Cambrian explosion”
•Sudden and quick increase in variety of life
•Sudden expansion into an empty niche?

•After an extinction event, 
types of species much less 
varied
•More-or-less the ancestors 
of what we have today

•There has been an explosion of detector types 
following the He-3 crisis
•In the long term it is likely to settle down to a few 
categories
•Hard to pick the winners today ... 
•This is fun. Lots of work in the next 10 years++
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Summary
•European Spallation Source: will be world’s leading neutron source for study of materials
•ESS will produce first neutrons in 2019

•Technical Design Report being written - completion: February 2013
•Baseline instrument suite presented
•Four instruments proposed in 1st round of yearly proposals for instruments

Common for all detector needs:
•“Good” efficiency - not too much lower than He-3 equivalents 
•Low “background” (noise, gamma rejection, scattering, ...) defines performance for 
many of the instruments
•In general large areas are needed and high number of detector readout channels 
•The higher brightness means that care must be taken to avoid saturation of detectors
•Time resolution needed due to the use of time of flight of the neutrons

Detectors for instruments:
•A lot of progress within the last year
•A range of solutions are needed - unlikely to be just one replacement
•For large area detectors, key element is reducing detector cost/m^2
•A lot of development work still needed
•Need to demonstrate real performance on real instruments

Looks possible to eliminate need for He-3 for many ESS instruments ... 
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thank you and any questions ... ?
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